The effect of Acibenzolar-S-methyl (ASM) and Rahnella aquatilis Ra39 against apple fire blight disease caused by Erwinia amylovora were tested as a possible alternative to streptomycin. In vitro studies, no inhibition effect against the pathogen was found when ASM was tested. Under greenhouse conditions, application of R. aquatilis Ra39 with the highly susceptible M26 rootstock resulted in a marked disease suppression. Application of ASM and strain Ra39 caused a high decrease of the disease, 82% and 58% respectively; this was correlated with a reduction of the growth of the pathogen within host plants up to 64% and 49.5% respectively. Further studies in the field under artificial infection condition during full bloom revealed that application of ASM and R. aquatilis Ra39 with Gala variety resulted in a control effect up to 21 and 29% respectively. In physiological studies, enhanced activities of PR-proteins (chitinase and β-1, 3-glucanase) were detected, which are well known as biochemical markers for systemic acquired resistance. Application of ASM to apple shoots caused the highest chitinase activity followed by strain Ra39. The enzyme activity was increased after 2, 4 and 6 days from application. In addition, ASM-treatment caused the higher β-1, 3-glucanase activity than strain Ra39. Maximum enzyme activity was recorded after 6 days from application and then decreased after 8 and 10 days from application.
Fire blight has been known as a destructive disease of apple and pear for over 200 years. The disease is caused by the bacterium Erwinia amylovora (Burrill) Winslow et al. It has been reported from 40 countries around the world and caused serious losses to pome fruits and ornamentals plants, especially Rosaceae family (Vanneste, 2000) . In Egypt, during early of 1980, the disease became very severe, and about 80% of all pear acreage was affected and 50% of all trees had been eradicated, presumably due to an increase in rain during the blooming period (El-Kazzaz, 1992) .
At present, the disease is controlled by application of various methods including sanitation, chemical treatment, selection of resistance cultivars and soil management. However, there is no single mean that would totally eradicate the disease, provide an absolute cure or fully protect host plants against infection.
Generally, only copper and antibiotics preparations are recommended but their use has some limitations. The antibiotics have lead to the selection of resistance bacterial populations. Therefore, their use is strictly limited or even forbidden in a number of countries. The copper compounds usually cause phytotoxicity in fruit and therefore, cannot be used for high quality fruits (Paulin, 1996; Sobiczewski et al., 2001 ). In addition, none of these chemicals is systemic, and to be effective, they have to be applied with through coverage before the pathogen enters the plant tissues.
The newest control method for controlling fire blight disease is the use of induction of systemic acquired resistance (SAR). Several biocontrol agents have been showed to induce resistance in plants. Biotic and chemical agents are reported as SAR inducers, such as fungi, bacteria, viruses, metabolites of pathogens, plant extract, etheric oils and synthetic compound (Dietrich et al., 1999) .
One of synthetic compounds is acibenzolar-S-methyl (ASM, Bion ® ) which activates treated plants to produce pathogenesis-related proteins (PR-Proteins) in intercellular spaces. They are able to degrade bacterial cell walls. ASM cause SAR since it mimics the role of salicylic acid (Kessmann et al., 1996; Sobiczewski et al., 2001) . It was found that the best period of Bion ® application as fire blight resistance inducer on apples was two days suspected infection (Baysal and Zeller, 2004) .
Several epiphytic bacteria have been also reported to induce resistance against certain plant diseases (Goodman et al., 1986) . Biocontrol strains, an inducer of resistance were shown to cause physiological changes in plants. Thus, enhanced level of PR-proteins (chitinase and β-1, 3-glucanase) which can be regarded as markers of induced resistance were observed. PR proteins have been identified Mini-Review *Corresponding author.
Phone) +20882412726, FAX) +20882331384 E-mail) kaaboelyousr@yahoo.com and include β-1, 3-glucanases (PR-2) which posses direct antimicrobial activity by degrading microbial cell wall components (Baysal and Zeller, 2004) , chitinases have lysozyme activity and can therefore hydrolyse bacterial cell walls (Heitz et al., 1994) . The present work was planned to study the effect of Acibenzolar-S-methyl (ASM) and Rahnella aquatilis Ra39 on incidence of fire blight disease caused by E. amylovora under greenhouse and field conditions as well as pathogen population within the host plants. The effect of such resistance inducers on certain physiological processes in host plants was also investigated.
Materials and Methods
Effect of Acibenzolar-S-methyl (ASM) and Rahnella aquatilis Ra39 on fire blight causal organisms in vitro. For accomplished this test, Miller-Schroth medium (MSM) was used. ASM and Ra39 were tested for their effect on growth of E. amylovora isolates Ea 7/74. The agar diffusion test medium was used to accomplish such test. A suspension of Ea 7/74 spread over agar surface and after drying, ASM and 10 8 colony forming units (CFU)/ml of Rahnella aquatilis Ra39 were pipetted into 9 mm punched. The antibiotic streptomycin was used as a comparison. After 3 days of incubation periods at 27 o C, inhibition zones were measured (cm).
Bacterial strain and inoculation. Bacterial isolates of E. amylovora E7/74 and R. aquatilis Ra39 were obtained from the stock cultures of Institut für biologischen Pflanzenschutz, Heinrichstr. 243, 64287 Darmstadt, Germany. Inoculum was prepared from early log-phase cells by growing the bacterial isolates in nutrient yeast extract broth medium in 25 ml sterile tubes, incubated at 25 o C on an orbital shaker at 200 rpm for 24 hr. Bacteria were subsequently pelleted by centrifugation at 15,000 rpm at 4 o C for 5 min and washed in saline. Concentration of bacterial suspension was adjusted to 10 7 colony forming units (CFU)/ml. Inoculation was carried out with Ea7/74 using a hand mist sprayer at a concentration of 1 × 10 7 CFU/ml control plants were treated similarly with bacterium free solution. Evaluation of diseases severity was assessed after 16 days from inoculation according to a rating system from 0-10 whereas 0−no obvious symptom and minimum necrosis at the cutting point was assessed as no symptom, as it sometimes also occurred in control plants. 10−infection of shoot, often together turning black, and shoot curved Mosch et al. (1993) . Disease index (DI) was calculated from each treatment by Application of ASM and Ra39 under greenhouse condition. (benzo(1,2,3)thiadiazole-7-carbothioic acid S-methyl ester), acibenzolar-S-methyl (ASM), the commercial name, Bion ® , was obtained from Novartis, Basel, Switzerland and used at a concentration of 0.05% (diluted with tap water) as abiotic inducing agents by spraying on apple rootstocks at 48 hr before inoculation as well as the saprophytic bacterium, R. aquatilis Ra39 was used at 10 8 CFU/ml as biotic agent. It was cultured in nutrient yeast extract broth medium and incubated for 48 hr and then centrifuged. The pellet was transferred into an Erlenmeyer flask with 10 ml, of sterile 0.85% NaCl solution. The bacterial suspension was diluted to an optical density of 0.2 with a spectrophotometer (Spectronic R 20 Genesys T M , Schutt labortechink) at a wavelength of 660 nm with NaCl solution as reference. This yielded a bacterial suspension of 10 8 CFU/ml concentrations. The treatments sprayed on apple rootstock two day before inoculation by E. amylovora. Three replicates were used, 12 plants for each treatment and repeated twice.
Application of ASM and Ra39 under field conditions. ASM and Ra39 were tested for controlling blossom fire blight disease of apple caused by E. amylovora under artificial infected conditions on Gala apple variety. These experiment were carried out during 2001/02 and 2002/03 seasons at the Experimental Farm of BBA Institute, Darmstadt, Germany. ASM and Ra39 were sprayed on apple plants at rates equivalent to 0.05% for ASM, and 1 × 10 8 CFU/ml bacterial suspensions. One liter of ASM and Ra39 suspensions were sprayed near to runoff one day before inoculation. Seven replicates were used for each treatment which it contained 4 trees. Artificial inoculation was carried out with Ea7/74 using a hand mist sprayer at a concentration of 1 × 10 7 CFU/ml. Control plants were treated similarly with water. Evaluation of disease development was recorded 5 weeks after inoculation.
Determination of bacterial population in vivo. For the determination of bacterial multiplication within the host plants, samples of apple shoot tips (ca. one gm) were homogenized in a 0.06% NaCl solution. From each homogenate, a dilution plating (10 1 to 10 6 ) was prepared on modified Miller-Schroth medium (MSM) for E. amylovora Ea7/74 (Zeller and Brulez, 1987) . Three replicates were used in this experiment.
PR-Proteins activities (Chitinase and β-1, 3-glucanase) assay. The effect of ASM and Ra39 on biochemical changes of inoculated by E. amylovora and non-inoculated apple rootstocks were studied in greenhouse. Three months old M26 rootstocks were sprayed with ASM and Ra39 inducers two days before inoculation with Ea7/74. The DI % Number of leaves class of symptom × ( ) Total number of leaves 10
samples were collected after 2, 4, 6, 8 and 10 days from application and also after inoculation by the tested bacterium to determine PR-protiens.
Chitinase and β-1, 3-glucanase activities were determined using the method described by Wirth and Wolf (1992) . High polymeric carbomethyl-substituted chitin labeled covalently Remazol Brilliant Violet 5R (CM-Chitin*-RBV. Comp. Loewe Biochemica) was used as substrate for chitinase activity while polymeric carbomethyl-substituted curdlan labeled covalently with Remazol Brilliant Violet 5R (CM-Curdlan*-RBV. Comp. Loewe Biochemica) was used as substrate for β-1, 3-glucanase activity. The reaction mixture was as follows: 0.50 ml 0.01 M Na-Acetate buffer pH 5.2 with 5% (v/v) Glycerine, 0.25 ml plant extract and 0.25 ml dye labeled substrate CM-*RBV solution (2 mg/ml). Test samples were incubated in a water bath at 37 o C for 120 min. for determination of chitinase activity and 60 min for determination of β-1, 3-glucanase activity. The enzyme reaction was terminated by adding 0.25 ml 2 N HCl. After centrifugation (14,000 rpm; 5 min), supernatants containing soluble, dye labeled degradation products were transferred to another cuvettes. Absorbency was measured spectrophotometrically at 550 nm (chitinase) or 600 nm (β-1, 3-glucanase) sodium acetate buffer was added to blanks instead of plant extract. Enzyme activity was expressed as enzyme unit/mg protein.
The total protein content of apple shoots was determined according to the method described by Bradford (1976) .
Each sample of extract was measured twice in each replicate, and at least three replications were preformed per analysis.
Statistical analysis. All greenhouse experiments were arranged in a completely randomized split-plot design with three replicates of 12 plants for each treatment and repeated twice. Each sample of extract was measured twice in each replicate, and at least three replications were performed per analysis. The significance of differences between mean values was determined. Analysis of variance (ANOVA) was carried out, and the significance of differences among the treatments was determined according to Least Significant Difference L.S.D. (Gomez and Gomez, 1984) .
Results
Effect of Acibenzolar-S-methyl (ASM) and R. aquatilis Ra39 on fire blight causal organisms in vitro. Results in Table 1 showed that ASM did not inhibit of E. amylovora. However, streptomycin and Ra 39 showed an inhibitory effect on E. amylovora.
Effect of ASM and Ra39 on fire blight causal organisms in vivo. Results in Table 2 showed that ASM and Ra39 significantly reduced the number of the E. amylovora cells as compared with the control. Results also indicated that after 4 days, ASM showed the higher reduction in growth of the pathogen within the host than strain Ra39. Data also indicated that strain Ra39 was the best in reduction of the pathogen than those of ASM after 11 and 15 days.
Effect of ASM and Ra39 on fire blight incidence of apple under greenhouse conditions. Data of this experiment are presented in Fig. 1 indicated that untreated plants showed a significantly faster fire blight symptoms development for all tested days from inoculation. At 4 and 6 days post inoculation treatments, ASM and Ra39 significantly reduced the disease index. In generally, ASM showed the highest reduction in disease index followed by R. aquatilis Ra39 after all tested inoculation periods.
Effect of ASM and Ra39 on fire blight incidence of apple under field conditions. The effect of application of ASM and Ra39 on apple trees variety Galla, on controlling blossom fire blight disease caused by E. amylovora was studied in field in 2002 and 2003 successive seasons in the Experimental Farm of BBA Institute, Darmstadt, Germany. Results of these experiments are presented in (Fig. 2) . The results indicated that application of ASM reduction the disease severity since treated plants showed lower percent- age of infection than the untreated control plants. Data also revealed that application of Ra39 caused higher disease reduction than those of ASM.
Chitinase activity. In non-inoculated shoots data presented in Table 3 indicated that treated apple shoots with ASM and Ra39 exhibited enzyme activity higher than the untreated control after all tested periods of enzyme determination especially at 6 days after application. In general, application with ASM to apple shoots caused the higher enzyme activity than Ra39. The enzyme activity was increased after 2, 4 and 6 days from application and then decreased after 8 and 10 days from application.
In inoculated shoots, apple shoots treated by ASM and Ra39 exhibited higher chitinase activity than that of inoculated untreated control after all tested periods of determination. Maximum enzyme activity was recorded after 6 days from inoculation and then decreased for all tested treatments and ASM treatments caused the higher enzyme increase than Ra39.
β-1, 3-glucanase activity. In non-inoculated shoots results presented in Table 4 indicated that β-1, 3-glucanase activity of non-inoculated apple shoots treated with ASM and Ra39 were significantly higher than that of untreated control after 4, 6 and 8 days from application. Highest enzyme activity for all treatments was detected after 6 days from application and then insignificantly decreased after 8 and 10 days from application. In general, ASM treatment caused the higher host enzyme activity than those caused by Ra39. Maximum enzyme activity was recorded after 6 days from application and then decreased after 8 and 10 days from application.
In inoculated shoots, the results showed that no significant differences were found in enzyme activity of all tested treatments after 2 days, also, diseased apple shoots treated with ASM and Ra39 exhibited significant higher β-1, 3-glucanase activity than that of diseased untreated control after 4, 6 and 8 days from inoculation.
Discussion
From our first findings, no direct effect of Bion (ASM) on the pathogen, in vitro, which served as a first indication for using such compounds and the bacteria to induce acquired resistance in plants. These results are agreed with those Fig. 1 . Disease index of fire blight disease on apple rootstocks M26 after treatments with Acibenzolar-S-methyl (ASM) and R. aquatilis Ra39. ASM used at a concentration of 0.05% (diluted with tap water) by spraying on apple rootstocks at 48 hr before inoculation and R. aquatilis Ra39 was used at 10 8 CFU/ml. Means of standard deviation for eight plants per treatment are shown. Fig. 2 . Disease index of fire blight disease on apple variety Galla after treatments with Acibenzolar-S-methyl (ASM) and R. aquatilis Ra39. ASM and Ra39 were sprayed on apple plants at rates equivalent to 0.05%, and 1×10 8 CFU/ml bacterial suspensions, respectively. One liter of ASM and Ra39 suspensions were sprayed near to runoff one day before inoculation. Seven replicates were used for each treatment which it contained 4 trees. Artificial inoculation was carried out with Ea7/74 using a hand mist sprayer at a concentration of 1×10 7 CFU/ml. Control plants were treated similarly with water. Evaluation of disease development was recorded 5 weeks after inoculation. Means of standard deviation for eight plants per treatment are shown. The values indicate Enzyme units The samples were collected from both inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days after treatment). Values in the column followed by different letters indicate significant differences among treatments according to LSD test at 0.05.
reported by Siegrist et al. (1997) ; Zeller and Zeller (1999) . ASM has been developed as a systemic acquired resistance (SAR) activator against fungal, bacterial and viruses diseases (Colson-Hanks et al., 2000; Abo-Elyousr and El-Hendawy, 2008) , it doesn't antimicrobial properties, but instead increase crop resistance to diseases by activating the SAR signal transduction pathway.
In greenhouse experiments, severity of fire blight symptoms development in plants after application of tested resistance inducers was recorded. For all tested periods after treatment by ASM and Ra39, the disease index reduced greatly than the control plants. These results agree with those reported by Siegrist et al. (1997) ; Maxson-Stein et al. (2002) ; Zeller and Laux (2002) ; Abo-Elyousr and ElHendawy (2008) ; who mentioned that ASM could reduce the diseases severity of bacterial diseases under greenhouse and field conditions. Also, our results indicated that Ra39 reduce the diseases severity and this finding are according to Chen et al. (2009); Calvo et al. (2007) . El-Hendawy et al. (2005) reported that R. aquatilis can reduce the disease severity of bacterial spot of tomato under greenhouse conditions. Several investigators have concluded that the use of certain antagonistic bacteria (fluorescent Pseudomonads and Pantoea agglomerans) as resistance inducers to infection of radish plants against bacterial spot caused by X. campestris pv. armoraciae resulted in reduction of symptoms development on host plants (Han et al., 2000; Szczech et al., 2002) .
In field experiments, severity of blossoms blight was also investigated. Data reported herein demonstrated that ASM caused a significant reduction of apple blossoms infection in seasons 2002 and 2003. Ra39 reduced significantly the amount of blight blossoms in both tested seasons. These results are in accordance with those reported by Zeller and Zeller (1999); Laux et al. (2002) . However, our results are in disagreement with those reported by Thomson et al. (1999) ; Buban et al. (2002) , who pointed out that application of ASM on apple plant in orchards, provided unsatisfactory level of fire blight control. Also, our results reported that Ra39 more effective than ASM and this reversed with the results under greenhouse conditions this may be due to that ASM is not effect on blossom blight but affected on shoot and leaves this agree with the results of Thomson et al. (1999) who reported that there no significant effect of ASM in incidence of blossom blight from natural infection with E. amylovora. Also, may be Ra39 more affect because it increases multiplication on follower after treatments. Our results indicated that the activities of chitinase and β-1, 3-glucanase were evaluated and found a correlation between resistance and the accumulation of both enzymes activities (Tables 3, 4) . Induction of PR proteins in ASM and Ra39 treated leaves agrees with the finding by Baysal and Zeller (2004) who also found increased accumulation of chitinase and β-1, 3-glucanase in apple plants after treatments with ASM.
All treatments had an obvious effect on multiplication of bacteria within plants. Treated plants with ASM and Ra39 exhibited significantly lower bacterial population after 7 days from inoculation compared to untreated plants (control), generally, ASM showed the higher reduction in bacterial multiplication than the bacterium, R. aquatilis Ra39 after all tested inoculation periods. Such results are agreed with those reported by Roberto et al. (2002) ; Baysal and Zeller (2004) . The effect of tested resistance inducers in reduction of bacterial population within the host cells may be due to their indirect effect on decreasing nutritional substance available to growth of the bacteria. A low nutrient concentration in the intercellular space can be a limiting factor for the growth of pathogens (Goodman et al., 1986) . Also, Zeller (1998) suggested that this effect may be caused by an accumulation of anthocyanins hindering bacterial pathogenic enzyme as physiological barrier in xylem parachymas.
Accumulation of pathogenesis-related proteins (PRs) (β-1, 3-glucanase, chitinase) after plant inoculation by certain viruses, bacteria and fungi play an important role in the physiology of induction resistance for plant diseases. (Maxson-Stein et al., 2002; Baysal and Zeller, 2004; AboElyousr et al., 2005; . Results of this study revealed that application of ASM to apple shoots caused the higher chitinase activity than that of Ra39. The enzyme activity was increased after 2, 4 and 6 days from application. ASM treatment caused the higher β-1, 3-glucanase activity than that of Ra39. Maximum enzyme activity was recorded after 6 days from application and then decreased after 8 and 10 days from application. These The value indicate Enzyme units The samples were collected from both inoculated and non-inoculated plants after 2, 4, 6, 8 and 10 days after treatment). Values in the column followed by different letters indicate significant differences among treatments according to LSD test at 0.05.
results are in agreement with those reported by Own et al. (2002) ; Bokshi et al. (2003) . However, our results are disagree with those reported by Van Loon (1997) , who mentioned that PR-protein induction may not correlate with disease resistance in all plants or under certain inducing conditions. Brisset et al. (2000) tested ASM against E. amylovora and determined an enhancement of β-1, 3-glucanase activity in Golden Delicious seedlings under greenhouse conditions, the protection against fire blight was found to be around 69%. Induced activity was mostly found to be associated with an acidic chitinase. Products of several SAR genes for example, β-1, 3-glucanase, chitinase and PR-1 proteins, have direct antimicrobial activity or are closely related to classes of antimicrobial proteins (MaxsonStein et al., 2002) . Baysal and Zeller 2004 pointed that this enzymes are capable of catalyzing degradation of cell walls of plant pathogenic agents, because β-1, 3-glucan and chitin are essential components of the pathogen cell walls and these enzymes catalyze hydrolysis of the corresponding substrates, thereby releasing biologically active oligosaccharides (elicitors and suppressors) capable of regulating the immune status of plant tissues. In conclusion, application of ASM and R. aquatilis Ra39 were effective as described herein and could be recommended for controlling the apple fire blight disease.
